wo 2004/056007 ^(fI^J^ PCT/EP200J/0111i75 



JC17flec'd^/in|%?^ 200S 



METHOD AND APPARATUS FOR DETERMmmG A mAI^^ 



Field o£^e inventddn 

Tlie inventipn relaiiBa to a method azid Bi^pparatu& £i>r deterxxii}^ 

pdysrer in a celliilar comiriuiiicatibn system aixd in pajrticular to^^ d^ a 

c^ll transmit power ifor a cell haying an inner zone and emt outer zone. 



JSackgroiuLd 

176. 1 iUustirate^ the- principle of a conyentiQiial Geilt^^rr^opin^ 

^stem iOO in acksbrdance^^^^ piSdr arti A gebeprc^phjL<^:^ 

a number of cella l(>a^,iQ3^ lOg; each of ^hidb iavs^rved l]^ |]ia8e sibatipn: 

3L09, 111^ 113, 115. 13ie b.aTO^s^ fuqad n^t^prk 

which can comioaiuziica^: da:ia between the base BtatipiiysvlQSf^Il^ il3i 145: A 

mobUe statipn is served, via a radio oommunicatid 

the with^ station is itituated^. In^t^^ exsiinple of BIG. 1, 

mobile staid<m 117^^ served W basei stat&pQ lOd oyer radioliiik 119^ mobile 
station 101 is^geiryed % ba^ 128 and^sp oiu^ 

As a mobUe station moves, it may move from^^^^^^ coverage of one hasp station 
to the coverage of anoUier^ i.e, from cell to ano^er. For example mobile 
station 125 is initially served, by base station 113 oyer radio Unk^ l^^^ 
moves towards base station il6 it enters a region of oyerlapp of 
the two base stations 113 and 115 and ydthin this^overla it changes, tp 

be Bupporteid by base statibn ll&6ver radio lisik 129. As, the mobile sta^Pn 125 
moves further into cell 107»:it contiiiues to be supporte4 by ^base station 116. 
This is Icnowiii as a handover -or handpff of a mobile station between cells. 
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A t^icai celixila^ cp]ii:baumcfiLtidav8ys£em 

eatire ooiintiy and.compri9e& hvuidreds or eyeii ttipiisands of cells sypporting 
thousiaiids or eveh milHoiis of Mobile stations. Communication troxsi a iiiobile 
station; to a base station s known ^^^^ a base 

station to a mobile ' station is known^ as downlink* 

lliefixedi^^ 

between any» two base stations, theTCby e a mobile, station in a cell to 

cpnmiumcate wt^^ any other celL In addition the fixed 

network comprises gateway functions for interconnecting to external networks, 
swh as the PtAUc Switched Telepho^ Network QPSl^f th^^^ 
mobile stations to commiinicate with landline telephones and other 
communicatibn: termid^^^ Fiiii^her^ fixed 

ne1?vro:d^^ finaSctipCL^^ manBtging^a^ 

conyeniioxiisl oelltd 

routii^ data, adnussion^oP^ mobile 
^alion avLtib^^ i ^ ^ ti - j v 

Currentlyi the mc^t^i^ 2^^ 
generation txwnmiimcation-s^ known. as the XHohfJ^S^ 
communicatiob G^SM nies^a tetehnoibgy 

Multiple Access (1© wherein user separation is achieved by diyiding 
firequency ciuriers^ whi<di: individually cain<b^^ 

allocated to a user. A bsise staiS^on m a> single carrier, or a 

multi^ple of Carriers; One cairri^ is used for a pilot sig^iai whic^ 
coixtaihs brbadcast i^ This carrier is x^d by mobile s 

measuring of the signal leyelf of ^ansmissibns fi^ diflterent base stations^^ 
the obtained information is :u5ed for detepm^^ suitable serving cell durinjg 
initiai access or b^dovers. Fuxthw^^ of the GSM IISMA 

communication syst^i^ Mobile 
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Commumcatioiis' by Michel Mouly and Marie Berjc^idett© Pautet^ Bay Foreign 
Language Books, 1992, ISBN ;295Q719PQ7. 

Currently » 3^ generation i^etexns are being rolled oat tcfurtlier enhance the 
commimication servioea .provided to mobile users. The.most ^dely. adopte 3"t 
generation cpimmuxucation system^^ Code: Division Multiple 

Access (CDMA) .wherein user separation is obtained by: aUi^ting cUfiEereni 
spreading and scuranibling codes^to on the jsame ca^ 

frequency. The transinij^ipns aire spread bymultiplication with tile allocated 
codes thereby causing the signal to be spread over a vnide bandwidth. At the 
receiver, the codes we used to de-spMad the received s 
regenerating the;x>rigixLal signaL Each base station has a code dedical^ 
pilot and broadcast signal, an^^^ as for 6$^. t used &r meai^^ of 
multiple cells in order to detemine a serving ceU 
oommunicationrsystem: using this principlejis the Universal Mobil?: 
Tele(»mxnt^licatip^^ System (linVfTS),^hich is cunrently beix^ depi<^ed. 
Further description of CDM4 and.spedficaUy of 
(WCDMA) mode of UMTS c^|i he^^^^^ 

(editdr), Aiitti Toskala (Editox^/Wiley & Soi^^ ISBN 0471486876: 

In order to optimise the capaaty;p€ a TOUidar coitimunicatidn system^ it is 
important-to minimise the m:^pact of interfc^ mobile 
stations. Thus, it is important to miDimisi& the inte^^rence caiis by the 
communication to or &om a mobile::station, and consequently it. is impprtsmt. to 
use the lowest possible triansmit ppwer: As the^^re 
depends 6n the instantaneous propagation TOn<^ 

dynamically control transnut powers to clp^ly match the conditions^ For this 
jpiirpose, the base stations and mobile stations operate power control loops, 
wheriei the receiving end reports information on the receive quality back to the- 
transmitting e;nd> which in response adjusts it's traiismit . power. This ensxires 
that the minimum transmit power necessaiy to ensture a given, quality is used, 
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and thtis that interference cavtied %^cK)nun indbile station 

is minimised. - .7r.* ^: 

An important a:dvai$ta tbai, due to' the 

radio signal attentiatibn witlirf^^ ^ibei interference caiased by 
oommu2u<^<i6ji ^ c^U suifficden^^^ Sbot removed^ 

and tHeTOfpre the resoui^ can be reiised^^i^^^ Iioi GSM gjhste 

frequeiides are therefore retised^in^b^^r ceU^^in^ a with a frequency 

plan, PrequeniQr planiiinj|^^^ 

for a cellular cdnim^^^ oommiinifcation' 
capacity of the system^ llie fr^ 

number of piajumete^ traiffic proxies 

and conuhunical^on eqm^^ ^ ' , ^ 

Oneltechmq^ue tfaat^ used'foF^|> Cellular 

communicatioii i^t^xuB/is^ jai]l<K:ate^^ne^^ more carider^^^^ station to 

supiport ail ii^^ cu^rd td st^^ 

zone * The "carriers thu8reffe<^^ The 
Quter zoii4 c&ixiers the c^ll 

edges and will dierefore tend to transinit at relatively^^^^^M^ trjEuosmit powers^ 
Thej^e cafriei^'therefo^^ 

aijid aororcUiig]^ Hdvrever, tiie carriei^^ 

suppoiiing the inne oomniiuiicfi^ 

transmit power dne to the shorter distaice M thusi typically shorter 

propagation paUl/TsTpic^ have a 

lower maximum; threshold the^reby eM 

to neighbouring c^^ cawierSiStipportiiiig the 

ibner zone may have a' much tig^ he 

reuised in neighbouring cel^^^^ thereby inc^easihg the ca 

conliniinication system: 
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In order to optimise>^e Ixaffic di^ the: inner zone and the 

outer zone, it is important to set the piiurameters of the associated carriers 
* appropriately. Specifically, it is important to optimise, the iranaxnit pdwer 

parameters of the inner zone carriers. Conventionally, the reduded transmit 
power of the inner zone carrier has b^n set to a fixed value expected to 
provide a reasonable result, fia some cases,, the fixed value has been adjusted 
by a trial and ei^r approach until a siiitable rjestdt has been achieved. 
However, the con ventipnal method provides for an inilexible approach which is 
complex, cumbersome an:d rec[uire^ substantial manual interventioh. The 
approach furthermore resu^^ static setting of the parameters unsuitable 
for variaiions in the operating cond^^ IHirthermore, tha> redncftd l yjiriftmit 
.power is determined basedi on bistbricjol data^which may noti be apprppiriate for 
the current condition^. Only: rough efirtimaites based on long term averaged 
tra£fic^parameter y^jues; eixe ;ge^ thereby resultixigiin anji^creased 

probability of stib'^optimied'^se^dj]^ power and^nsequently 

results: in a reduced capiacity of the cbmimumGat^ 

Hence, an imprdyed sysl^^ determining a cell 

haviu^: an inner zone and an outer zone would be advantageous. Ih particular, 
a system aUowing for increased fle^dbihty; reduced complexity, increased 
accuracy;, increased capacity and/or suitability for d3naaLXhic ahd/or au^ 
implementation would be adyant^ 

Summary of the Invention 

Accordingly, the Invention seeks to mitigate, alleyiate or eliminate qne or more 
of the above mentioned . diJBadvantages sing^ 

Accordmg to a first, aspect of the invention there is prpyided a method of 
determining a transmit power in a cellular communication system comprising 
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a^furst oeU ij3iclxid^ an ixmer^zone servedrby a fix and an outer zone 

aerved by a second carrier; the method, compria 

measurement reipori;^^ cell: the 

measurement reports comprisu^ receive characteiistics for a sijg^l associated 
with the celL' generating a.distnbution of the receive characteristics; 
determM^ a mo4ified.txaj^n^ power Jevel in response to the distributioil of 
the receive characteristics; and determining a cell^transmit power associated 
With the firjit cagcrier in resppnsevlto^he transmit powei^leveL 

The signal associated with tiielcellr xuay for example be the signal ofthei first 
carrier, the secdiid paxrier or pfe the fif sit and second carrier as 

wen any other Garriets of the cell^ iHie eell^transxnit powe^ 
response to"actual:measiiremeiite thereby 
allowing for si deterininatxos^^ celt rather 

them historical vahiesi: or l^icfitK va^ of 
the cell are tsJcen into account aii^in^ic^ai^^^ deterinmatidn of 

the cell, transinii power is enabled, llie method is siiited fdr autoniatic 
opldnlajsatip 

determined dynaxiiically basefd on the curfeixt coriditioniB; TheVmethpd allow 
for a low complexity methodrof del^i^i^^ siutatble: cell traMmit power. 
SpecifLcally, the cell tr^iisiiut ppw^^ power 
threshold of the first carrier. All or some of tth% steps of 
iterated. Specifically^ the method may be cont^ 

allowing for a dyimmiic determination of the ceU transmit iK>wertakix^fth 
cxirrent conditions into account. This allows for the c^U transinit power to be 
caontinuousiy and automatically updated to reflect changes in the operatinjg^ 
conditions* The inner zone the outer- zone. - m Qx be non- 

conUguous/The: inner Txine may have areas further distcuit £^ of 
the cell than areas of the outer zpne. Howeveri on average the outer z^ne will 
tend to W furthe^^ the centre 1^^^ inner zozie. 
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According to a feature of the inyentioii, the receive cluu^cterietics comprise 
signal receive levels, Prefarably, the receive characteristics compjise;^^ 
signal levels incUcaitive of the sign^ level at which camera ofthe^^^^ are 
received by the commtmic^tion tadt& In an example of a GSM ooinmilxiication 
system^ the Rsliev reported in the measurement reports may be compxisedJin 
the receive chsuracteiistics. Iteceive s^ levels are a^suitable,. reliable and/odr 
accurate indication of the operatangrconditions in^^ cell. Typi i^lly , 
measiirement reports comprise receive signal level characteristics for other 
purposes 8jQid thmn<^ signallinfex>yerhead is introduped,. 

According to another feature of the; invention* the receive characteristics 
comprise sigiial quality characteristics. Preferably, the receive 
comprise signal quaHty characteristics of iJie.quahty at whic 

cairiers of the cell are received by the commu^icatipn In an exs^oiip of 

a GSM conununication ^stem, the RxQual reported in tihe measurement 
repprl^ niay be comprised iix the receive charactenst^^ Signsd.qiudily 
chardLCteristics are a suit£Lble, reliable and/or accuraitec^indication c^^ 
operating GpxiiUtipns in the ceU, T^ically, measurement zieportfi ix^ 
aijgnai quality character iMlics' fe^^ other puiposes ana- i:hiiR^«h gi gnglliwg 
overhead is introduced* 

According to another feature of the invention, the step of d^termining^^the 
modified transmit power <x)mprises determixiing a modified tremsmit power 
level for which a ratio of TOceive characteristics of the distii sire above a 

receive characteristic threshold^ 

This allows for an efficient determination of a modified transmit 
that wiU achieve a given receive chsa'acteristLcs thxeshoM a./ra1iQ of 
communication units. The receive characteristics threshold mayw^ecifically be: 
associated with a qiiaHty diaracteri^^ It thus. allows for determimnLgf a 
modified transmit power lev^l for'whlbh a given qualitQr li^vel is achieved for a 
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ratio #comm\imcatibri^^ 

determining a trcLnsxmt powerv^^^ performance for a 

given ratip ofcoxprniuneati^ 

earner miay b^rd^teiinined tli a 
giv^ Ti yflf i^ of <!ftiYin>imiVAtion. united wMch may acrardi^^ be supported in the 
^ innft r goTie: For e^gamploy the' modificfifl^^^p deteimiiied as 

conespdndMgt^^ 

According to another featttUre eteprof determining: tlie ratio 

in response to a desired traffic of the inner zone. This may allow for thfe- 
ratio to be dfeternain^dmtch thi^^ desiredll^ inner zone is 

achieved by the dete™^ Hencev jui efficient and 

low complexity meiiho^ 

mptjUtfed desired ?traffic jratio of the inner 

Aaiox^^^ iJie^methodl^ 
the step of determining l^e. rai^^^ 

the ixnief 2x>ne^:!^^ transmit power vthsit 

^wili festd^t in la snbstai^tiallyf^ loading of the fi^^ 

loajding ^if the seppnid eimieir a^ thereby mcreas^^ resotiree; over 

the^whcfle-c^ ■ ■ ■■ r ^ ^ 'l > - 

-A- ^; • 
According tb anothiBr/fektt^ 
the step of determimng the ratio 

and a number of caimers supporting the example the ratio; may be 

detemuned such thatviaie 1^^ 
aUqwing fpr a subst£^ 

According to anothervfeitiirexbf ^^^^ the receive characteristic 

threshold is a piredeteimaiied rete^^ This.:allow6 for a 
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low cbinplexity method pfrdefeFmimng^ 

required receive characteiietic thre^old for a given qudiily level is topically 
known and ha^ HtUe senfiitivity^ dyn£unic cdnditt^ns, A pre&tennined 
receive characteristic thi^shold may^ thua be determined based pn lsir 
amouBte of dUita and cOmplex^algom^ 
sp^d of execution of ^the vcurrent me^od. 

According to another feature of the invention^ th 

the step of receiving a user input and setting the; receive characteristic 
threshold in response to the user inputs This allow^s ipr^s of 
the method by a user. It provides a suitable meand &r enabling; a user to 
experiinexitvfd^ re^n^^cl^ea;^^ 

Acoor diiaig to another feature of ^teiiw steprofi^etefpu^^ 

receive i^aractexdsdc threshold in response* to^avreq^uixf d quaility leveL. A 

rteceive characteristic threshold may be dei^riuinad that w^ 

r^uired qtiaU^^level for tfaB^iartetg^ 

unitgi It aUpws: for ai^ auitpmated^Method^^^ 

ch&racteriisiic threshold which may take MtiO/aQcpimt 

cpnditdoxis^ 

Aorording to anbther feature of the invention, the stejp of determimhg the 
^ receive characteristic thresh^ 

This allows for a cell transmit power to be^deter^^ a 
required m 

According to another featiure of the inventibn,^ 

modified transmit power ' level comprises determ-iningsa receive dis^ractei^tic 
reference vaLue^of the dislsibulidn cpir^ thevratap^ dLeteriniTiihg^ 

the modified transmit power levelin response to ih^: di£EBrence^^b^ 
receive chaJ^cteristic reference value suid the. receive ch^iracterisfic^^^ 
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This aUd^s for a euoiipie tm^ lipielilidd oi^daterz^^ cell transmii 

•'power; '\ vv*\^ i-.,: ^.^ ■ n - 

According to diwther :feafure of step of geiaerating the 

distribution cbmpnsesrnormalising toa reference 

transmit power. Spedfically, the vanatio^^^^ the: ti^jqisniit powers of different, 
carriers of the cell may be compensated. This allows for the determination of 
the cell tranismit power to be independent of tlie actual transmit power as well 
as transmit power variiEitu^ , ^ ; . 

According to another^feature olthe invention^/the ste^ 
disjbiibution 6c^ tl^vri^o^iVe ch^uracter^^ 

control setting. Power control iTpicaU^ a:Significant and £ut 

cha^ig^g transnu^^ 

an iacreasedl^i^ del^indodbaa 

According to anothe)^^ l<>6p <^mprises 

a £sL8t poweir conlabl loop»andv a slow powei^:opi)itroLlQpp apd/the compensation 
of the receive charaCteinu3t^(^ 

loop V This aUdws optinial cell transmit power to he determined indej^ndeiitly 
of the response of slow power control to traf&c loading. 

According to another feature of the m leyeiLis 
determined as the reierenbe.tr iiipdified 
transmit power. This allows for a low complexity and.accurate method of 
detennining.a cell ti^smit ppwer« 

According tx> anotheor ijEeat^^ method fiurt^ ((^inpriiaies 

the step of setting a^&ansn^ cell 
transmit power: Theymethod may thus be ;used to control the transmit power 
asspcicifed with the inner zone "knd thus to control the size^ and/or tra£Gic 



10 



wo 2004/056007 



PGT/EF1003/011175 



distribution of the inner zone. The inner zone may thus d 

automatically be adjusted to be siiited for the current operating conditions and 
characteristics. This aUows for an improved traffic distribu 
interference and aocordingb^ aii increased co Tn miiTii nftt'^ri rftpfldty of th** 
entire communicatioii systein. 

Aixording to a second aspeqt of'the invention, there is provided an apparatus, 
for detelimning: a. transmit power a ceUulax commimicatidn 8^ 
compnsing a first cell including cm inner zone served by a first carrier and an 
outer zone served by a second caumerf the apparatus domprising^ means for 
receiving measurement reports ifrom a pluaraJity c^ 

ceD; the measurement reports comprising re<^ive chsurac^nd^^ signal 
associated with the cell; means for. generating a distnbutioii of the receive 
characteristics; means for determinmg a^m 

response to thei diatribuftion of :ihe receive cth^ for 
determining a .cell transnut power cassock the>fix^^carn6r in^ x^ 

to the modified trem^Bmit ^^^'^ 

These and other aspects aiid advantages of the invention/^^ apparent fix>m 
and elucidated with reference to the eKnb6diment(^^^ described hereinafter. 

Brief Description of the Drawings 

An embodiment of the invention will be described, by way of e^osunpie oniy^ 
with ^reference to the drawings^ in. wliich 

FIG. 1 is an illustration. of a cellular coxxununication systemfin aeoordanoe with 
thiaprioiiart; 
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FIG. 2 18 aJl illiistralaQn ojp Rpparatus^fei* ^determining*^ ty aninTni^ ppiyCT in 

oeUular ;coxamtmicafion.&ys;tein in of the 

ixrra^on^^ * ^ , < . ; ? • : 

FIG. .3 illustrates the flowchart of a method of datermitung a transxiut power 
in accordance with an embodiment of and 

FIG, 4 illustrates an example :of a disfaibuti^ 

Detailed Descnptipn p^^^^ Preferred EmbcKUmen^ IiiV(entionL 

The followingrdescxiption\£(>G^8^^ 

appHcabIe;to^ Q0U]ulsm obmmwi 

inner zone and an ottter ^^one and in jparU<tml^^ 

^mm^am Rpweyer^^it invention is 

not limited to. this application but may be a^p]^lied t^ ceUulaf 
conunuxiication systems includm example 3<<^ Generation cellular 
communication . ^ V: • x..; 

FIG.2 is an illustration of an apparatus for determining a transmit power in ai 
celltdar cozamunication sy stem in accordant with an embodiment of the 
invention. Spedfically, FIG, 2 iUustrateB a base afaUoix comprising fanct^^ 
inodides for determining a txansi^^ accordance with €^ embodiment 

of tbe invention. j 

In the example of FIG. 2> a base statibn.2bl is illustrated which supports a 
plurality of coihmunicatidn liiiiite/ 203,, 205^/207^ 209 in a ccflL A oonunimicatiQn 
U2ut :may typic^ly be a subscrriber iinit^ a wireless user equipment, a mobile 
station, a communication tenxuxial» a personal digital assistant, a laptop 
computer, an embedded commit any communicatipn 
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element communicating over the rd:dio interface^ 201 ' 

comprises a plurality of carriers o£ wliich a first cairiier 8tq>pprte an ii^ 
and a second cam 8uppj0rt$ an outer 20iie of the cell, ijhe iimer zone^^^^^ 
tend to cover onei or more areas close to liie baise station "v^heiiBiis^^^ 
zone tends to cover one or more ai^eas more distal £(x>m the base statidn;^ 
SpecMcsdly, the ccu^qr.su^ 

covered by the inner zone ^zid thuis may for example cover the whole celL The 
inner zone thus effectively forms a c^ cell by the firat carrier opOT^^ 

within the ceU but at a red^ maximum trans 

the interference caufiedNby the first carrier to^ is substanfetall^ 

reduced and a tighter frequency reu may be emi>loyed^^£ 
feejuency. Spedffc reu&ied:in^/i^ 

In the exfqcaple fwo wikim ZOS BriaiBjs^pi^ 

the first carriert which has a »duoeN^ powers and 

there£i>]^. cotisidered^^ in the iim Two other cpmmunicaid^ 

MSy 20? ate suppoiEted b^^ the second mm a higher trandx^ 

pp w0r capabiMty; ; a^ 

The {bUicrwing descxiptiba wM^ an' embodiment 

wiic^in thp bas^v^tion ;201 comprises only thei first and second carrier. 
However, it will be apparent that the:i^^ 

stations having a higher number of eftniers, ll^ese carriers may for exa^ 
comprise cajTiers for supporting inner zones, the full c^ 
zones or 6uay^ 

The base station 201 TOmpnses a receliyer cdupied 211 to an an 
through a duplexer 215y duplexer 215 separa^tiBS tranfimitvand re^ 
sigptials sudbi l^t the sajme. aiite be used for both recoli'tdng 'ahd 

transmitting. The receiver 211 is a multi carrier receiver operable to receive 
signals tm both the first and second carrier. During operatipn^ the receiver 211 
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receives vieer data:£md:t«)ntrol data fi^ 203, 205, 

207, 209 in accordance mth tKe-G 

It will be ai»parent, that the bsbse stataon^wiU comprise^f^^ 
modules fer suppoirtingocony cpnmiiuiication; control and 

mankgement fuuactiQn^;^ self te^ as^is' weU 1^ the art* 

Specifically, JQbie receiver 211^^^^^ the 
cpiMilmic^ 203, 205i>207, 209 of ^^1^ The measiireinent reports 

comprise : a number of different phra^^ ^inclixde receive 

characteristics such as the^^^re 

coxmnimicatix^ 209 trsunj^xnit 

measurement reports comprising aji RkLev parameter whicrh is. an indication 
of the signal sbren station 

. 26i'ijG(^reoeived.'at^ ■ '^sy4 ■ - 

I^€^^^RJidL^ values ot^ei^receiyed measure rei^rts an i^ the preferred 
embodiment fed vto a.di8tiibiitibxu^^^ 217 
initially dompensates for difiEbxjence^ in t^ transimt poweri'&oin the bisise 
6tatidn^20i. Thtis; the OElxEeV vdluelB^iu; 

power which specifically^:i^^ b#th#^ina^^ pf the 

£rst or second a receive 

signal level of ■90dBm< has;been re^^ and^the transmit power resulting in 
this BxLe^ dB Jt)elow laie^refe the; IbcLev value is 

modified to correspond to a receive, signalilevel "iSOdBm^ 

The distribution pmcessor?2i7 fiu*her generates a distribution of the 
cosapensated EpcLev values^ ^^1^ distrihulion thus mdicates the proportion of 
measurement values that have been.received for different^KkLev valiies^ 
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The disfxibtitidu prpoe power 
processor 219. The taodified trcaisimt poweif processor 219 rckieive^^ the 
distributiqh fiom the distribution processor :217 airii in resfranse;.^^ a 
xDodified trahsM Specificiadlyr;the 

processor 219 furst'determii^ reference ;7ialue that a giyeix xatip of 

the compensated JBbcLe ?I1ie modified t^^ 

processor 219 is c6upte<d to a ratio pit>TO8Sor ^2 . 

received. In a simple embodiment, the ra simple predeterin^ 

tp a value correspondSng'to thevratip of the coii^unicatioxi' units in the cell 

that are desired to be supported by the first carrier, Le. to be considerad in the 

inner zone. 

Tke modified trattsxoit i^dwer pixx^ssor 219 iis fbrthex^^^i^^ a^redeiVe 

bharsuitoirisidc thrcshold proces^^^ The receiyenchar 

processor 223 detonm thxe#hbld for the tec^^ 

is considered to be^^ac$;ep In the^spedfu^exan^)!^^ i^breeAlcM 

that correspoi^ to^aii:a:<^ att^he^qominu^ 

determined. In a simple embodiinenty this is a predetojtrni^ 

receive characteristici^reshold proc^ssor^^ ma^ sini^ply be in the^i^ 

memdicy'elemen^^^ 

Tb^e modified treuism^ piwjessor 219^ tto ^etermine^the modified 

transmit power level as the difiereruje between t^ 

the RiLev threshold. The modified transmit power level is thus an indication 
of the magiiitude^ df^khe^^ec^dve 
;COznmum<^tiQQ units; 

The mpdified transinit-po coupled to a <^>trs^^ 

processor 225. The ceU transmit^ p 21^5^ d^ieinm^ 

transmit i>ower &r ihe; first earlier based* on the Modified trcu^ 

level. Si>ecificaUy, it determines the ma^imiim transnutppwer-as; the' reference 
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transiait; power redii&^ 3by:theito^^ l0velidLe.;reiiuoed by 
the receive Bignej.margitt f^^^^ mxit$v Hen 

thiB mspdmuni traiu;mit,pd^rhtM>.^ 

BadjevB^abdye thevBbs^ r&tiD 

commumcation units c]Bua 1:^' su|>pQr]tedh]bf^^ witbaoGeptable 
perfdrmanoev r4S^inai^u^ 

by the setxmd carziezk deterimned w 

^iRoUresult in a/^desir^diratic^ imits by 

The ceU transmit ^^^^^ to a transmit ])Ower 

cbntrbiier 22i^ OSii&^fiu^ cairier 
transmitter i^^eral^^ first caj^^ 

\ trfmsmit^ip 
tran6£ditter^!220^a^ 

mcodmu^ ipransi^ oeiltl^^^ 225. 

. OfhevfucBt caj^^ cpnjdsinBS 
the transndt sig^^ of theiifirist second 
carrier transmitter 2^ second carrier trcuas^ is operable to 

. Ixansnut the sigt^ 
dnptexer 21Kfed^toi^^ ^-r-i-- ^ 

Hencei in acrordatxTO^^^^ the. disiadbution oiCcommmucation 

^ units between the first and second caj^ k^utpmatipaliy b^ cohtrolled by 

directly setting a demred ratio of to The. 
basestationrniay oonl^u 

changmg operalpiig cdk^]i suited for 

automatic updatingvandiB; simple: <^£6cient to^impleiaent. . 
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FIG, 3 illufitrates the flowchart of a method of determiiiing a transmit power 
in accordance with an eml^odment^ pjl^the invention* The method is applicable 
to the previous example of a base station. It wiU be app^^ that;th9 method 
may be applicable to many other implementations mdud^ example as aik 
automated tool for facilitatiixg 8emi?automated £cequency planning operatioxus. 
The following deecnption wiU m describe the method with xeferencse to 
the base station of FIO. 2. 

In step SOIy meaBiirement reports ar^ received from a plurality of 
communication umts of the ceUi4^ s^ example a 

non-real time frequency plannmg prpgranune». tM may comprise 
receiving one or more data filies Gbmprisiiag mfp to cpUated 

measurement, reports for the celL The measureinen 
embo<^inent repeive chaxacteristic^^^ the operating 

characteristLcs of thamdividu^ communication im iupidspec^^ the 
operating chiuacfe^tics assQomted with th^.reoeipt p£ thesigiguad 
base.station of the cell. In the prefened einbo^^ 

comprise signal receive levels^ su<ji as ItxLev values a GSM communication 
esrstem, and/or sig^nal quafity chm^ac^teiist^ as Bx^ua^ 
communication system, 

In the preferred embodiment,; measiurement reports at^:^i^^ for all the 
commiimcation units of a cell of the communication system. Hence^ in the 
preferred embodiment^ the measureme^ pilginate: from 

commimication units being served by the first cari^ the' seiopnd carrier and 
indeed any other carrier^ of the- base statioii. 

Step 301 is followed by^6tep 303. In si^p :303^ th^ characteristics of the 

measvurement reports are noi^sdised t^^ a referiehce transmit power. The. 
transmit power <pf the different carriers may be different, and the transmit 
pbwer of each carrier may furtherniore vary in time due to the e£fect of the 
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power oontrol loop. Henod;^& r^sceive::^ a>mpenisated to 

correspond to tlie receive dhab^^ received, had 

tibe trajisiiiit power bf th&signa^^ beeWthe reference transmit pbwer. * 

Specifically;the power control a specific signal Iransinitted to a 

specific cpimiiiuni sit tke basipf statibn.; TThie receive 

characteristicCs) df the corresponding measurement rei>ort iis thtis 
compensated by the difference hetween the transmit power for that power 
control setting and the^^ re^ For example, if liie i^ferenc^ 

transmit power is set to a maxiiiium poiBS^ 
example 40dBnx, and 
power to BOdBmji the reoeivci^ s^ 

increased by-a vaivk cdrresponding^^^^ enibcKliinents; ia simple 

linear compensa^d^'^^^ iiio^rM 

depends n0n']iheijBi£^'bWi^#^^ thtlts^itlie ibraiisimi^i^^^ 

In this :ca8e^ mbxe'opm^ atiA 
^i&cifically Cpredeteiii^^ 

iteoeiyeeb^^ ' . ^ - r . 

In some celliilar comm unicatidn systems, a fast aiid a slow power ^^^w 
operated, wherein the fast powe compensate for fast 

variations in therjjropagati^ u^d to 

control the qualily of ser^ embodimeiits; the compensation 

may only be of the f^t power 

loop. TMs provides the advantllge of de^^ the, <qi>tiMiBd c^^ transmit 

power indepfendiently of the resp^cinseof^slbw pc^^ 

This independence is based on the reasonable assumption that the cell is not 
trajpLsimt powe^^ J^cuted; a^ nieaivirement^^ 

communiicaitions tinits represeiiLtai^^ conditions 

onljir.. • ■ - ...^ . • . . . - : 
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Step 303 is followed by step 305. In step 306, a (Ustnbution of thejrecei^^ 
characteristics is'generated. Indie-jfrefieirred ei^ 
distributioii of the receive c^^ . 

Fig. 4 illustrates an exainple .of o^rdistributipn of receive^^^ liBvels 
(specifically BxLev3s)..Tlie y cumulative number 

of measurement reports |^ %)r and: j^ the 
;receiye signal level given in terms of R The curve 401 .obrrespon 

to tJie ratio of measurement repprjte that.haye^ a compensated Rsljev aboye 
that level. Hence, for the specific example of BIG. 4, 52% of the measiurement 
reports comprise cm^KacLey q£ abpye. 

It wiU be j^pparent t^t the disiaibuti^ d£;aiiy ;8uitiablevr^^ 

c^i^^cteristicL Fpi> example^ instead :o£:the r^^ ^%iied;ley?eLt&ha^^ 
RxLev, the^^ualify cha^ , 

Step 305 is followed by step 307. In step 307, a desired za:lio of mepLisurom^ 

reports t^at wiiliresult in a amtable digta4iiiition ^rf ^iniTimiiii^y^at^hTl un|t6: 

between thp inner cmdAut^. zpn^^ 

in Laiter steps to diyide the distribution into a p^ 

zcme imd on^^^^^ - 

In the prefenred embpd^^ desired trciMc ratio of Id^e ixiner z^ 
determined. For example, it may be dea^ that 50% of aB .cpmmunicati^ 
units should preferiably be allocated to the inner zone. In mos^ is a 

reasonable :as.8umption that (he measurement -reports varies signiiELcantiy 
more between communiceition umt^^thfui timfi , iryf .itSyfi fi ^jmth . 
cpmmimicatipn unit. It is ther:efore a to set a desired 

ratio of ineaisuremeiA reports eqiuvfllently to t^^ 

the ratio.determined in 8tepv305^]n^^ 8pecifi.caily be the same ratio as the 
desired trfldffic ratio of t^ 
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In pthez eihbodixnbxits^^ tb^xatib ma^^ subsf^tiaUy 
fiill loading^ of thd mxierzoiiei HeitceV'th^^aS^ for the 

inner zone is determined and the x^nesponding niimb^^ 
reporte. set'i^ccd 8t#ported by two 

ic^aiTierfi wbere^^^^^ hks avcapadily bf^mg^Ki oomin the 
distribution compriBes 10 rxneastttement 're^lw^ eadh^ active 
^ cpniM the ratiip in^lM^t^at^ X divided^ 

by the total amount/dT^nieasiurem 

In -aLnptber embodiinent*^ the raj|iplc& 

of the celi and the ntimber of carriers ^eupporting^^^ cell The ratio may thus 
be set such that the Idad M di^td^ For 
(gxam^ and twa 

,caii!ieraforthe.out«^ iBpPb>wix^ 
simUisur. loading 6f the iicm 

Step 307 is^foUo^ed^by^ 
is deteiiiini^ 

threshbldis a lower yalSus^^ comm unication. 

I^r example, fo (3SM it is ge^Sje^a^^ signal leve^ 

corresponding to an of 15 or Mgher is required for reliable 

co mm u n i c ation. If ttfereceiy^ ley^^^ handover, known 

^ a^itxLevha - ^ 

In the pipe&rred embodiment the TOceiv is isi 

predetermined receive eharcu^tenati^^^ simple 
consist in retrievin|^ the vpredeter^^ fifoim a mexxkory. locatioiL The, 

yisduevmay thus simpily aiower tlb^eshpld:^^^ a 
miiiiiQluml^ a^hcuadovet sho^^ other 

embodiments^ the receive characteriistiGg threshold may be &d to the method 
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as a user input. In this embodUmeiit, a use^^ 
given mininiiiin threshold. 

In other emboclimi6nLt&, mcxte cOint)lex methodis may be:;^ 
the receive characteristic thresholdL la one enibodimc^t, the receive: 
characteristic threshold may he determined in response to a required quality 
level. For example^ a given bit error r the receive 

characteristic threshold may be:- determined as the lowest receive 
characteristic value; that >^ This may for example be the receive ; 

level that for a given interfei^enoe as^ ensuresxthat the receiyi84>8ig]ial 

to noise ratio is suf&cxeiit to restilt in a required bit error rate^ 

Alternatively or jadditiona^ the receive characte 

determiiied in rosppnjK.^to a req^^ to 
determine the cell tr jiuisnddt |k>i^^ ^ 
dififexent required receive; chaj*ae^ ^ 

Step 309 is followed by step aH, a mpdific^d t]ra|^iuit^{^ 

is determined in response to the distributioix'^of the.r^^ characteris&CSij; the. 

^receive level thfesiibld and the desired ratio: of measiir^ 

■ ' ■ ' t. 

Specifically, a receive characterie^ vadue corresponding to the 

desired ratio is determined. For the specific example of EIG. 4, a demred rati^ 
of 50% is seen to correspond to an RxLev reference value 403 of sli^tly less 
thaxx 43. Purtiiermore, an Bc^Lev receive level threshold 406 of 15 is shown* 
This is considered to be^ a lower threshold for acd^table performance. 
Ai^rdiiigly. for 50%x^^ measurenient reppi^^ the reference tran£^ 
power results in a niargin-of at least: the di^rence between the receive levels 
cOrrespondihg^tovRa^ 43 and I^xLey 16. This.oorresponds to a^^m 
dB. In the preferred !embodimexiit, the modified transiMt pow:eir level is 
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determined as tl48^arg:m./£^^ mdcUfied; trcmsim level may be 

. modified tr£ixx8ixut:powe^ chaFactexistic refe - 

Step 31 1 is fbUowed: By step -S tratismit powef/assod^ 
with the firiBt carrier is ^determined: increqponse t^^^ modified; transmit power 
leYeL Specifically, a maxim^^ set 
in resppnie to the modified triu^ ! - 

In the preferred em^ deU transmit po^er is set such that thei 

desired ra^tio of measiirement repo^^ ab0yev^<e rec^iye^charac^ 
:threshQld.*Sp€Knficf^ cellvtrsuasc^ supporting 
the.inner;zone iadeterinm 
tbhe modified trax^ndt power. Acoprdingly,^^ 

fii^ carder will in the. speti&i e?^am^ sufGoent to result uiBiM of the 
measurexnent repbrtai haVi^ R^EjevsroiltS^^ around 50% 

of the: communication vuutsrmay^bbVsit^^ earners; 

In the preferred embodiment, step 313 is foUowed by dlS wherein the 
maxunxim tr ansmit pow first c^egnner is set to the oeU transxnit pbwer 

^tierminedinstepBlSi . < : ^ \ v . - v 

Accordingly^ the method aliows for a simpleiapproach to (setting parameters 
assocdated with the iimer ceH such that >it resuli^i in a desired fcrafELc 
distribution and/br loading of t the distribution between 

the inner zone: and the: outer^zbiie m:ay^.automfiiLtiGaUy ]^ on 
measiirements ;of the actt4^^^^ HiBin<se, a dynainic 

update of parameters is enable.d:>^^^e appro^ach^fiurthermore res^^ in 
improved ^ccuraQr iauid. improved aUqc^lion of communication units between 
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the inner and the outer zoniei thereby increasing the coznmunication 
capacity of the cellular coinmiuiicatibn system, 'inie method is^^f^^ 
suited for automated: or s^nu-automa 

The ij^ventxpn cail jto mipiemente form including Aar iligarfi^ 

software, £brmwaret or any combination preferably; iSiei 

inventipn is iinplemenied as Boftware runriin g on one^sor more datai processors 
and/or digital signal processors, ^e^^elemeiii^ £^ 

enibodiment of the invention may be physically, fdnctidi^ and 1;6§^<M^ 

implemented in any suitable way^ Indeed the functionality may be 

implemented in a sin^ urutv ina jpl^ as^part 

functional units. As such> the invention may be: implemented^^ 

or miay be physical^ umts-and 

prqcessors. 

Although the pregient invention^^ ^th$he\ 
proferred Bmbod^ it is not intended to^be Jiopiited 
fi>rth hereixL Rather» the 'licopeipf 

accompanyii^7ctaims.iL3; the^cl^innsuthe compiling do^^^^TO 
presence oldther elenieiits or ?j^p 

a pluraHty of means, elements or method steps ni£^ a 
singla unit or processor* AdMtdojxaliyv a^^ may be 

included in drffisTOnt clmzz^ be^^dvfMo^fcjag 
and the inclusion in diJSerent claims: does not imply^^^^^ conibiiiation of 
features is ndt feaisible;^ adyantageous. In additibn; singular references 

do not exclude a plurality. Thus references to "a", "an*V "first", "second" etc dp 
not preclude a^plior 
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CLAIMS^ .^^V'-.- - - -'^i:.. 

1. A method of deterjxliiiin^^^^^ ceUular commianigation 

syfitem comprising a first cell indudiiig cui::ii^ served by a first carrier 
and an outer zoxie 'serv:edil>yva:8ecoxid^^c^^ Uie steps 

of*'' " . ' , -rK-^^ ' -Z^. S • 

receiving measurement repprtBrfi iinits of 

the cell; the measuxemeht reports^ cpmpnsiag^ro 
silnoaLassociat^ wi^^ ^ n v 

generating a distributio^^^^ 

deteimining avinpdi^ 
distribution xifthetreceiyegchai^^ . ... . .- ^ 

deterfflriTiiiig a cen;traz^^ assp^ carrier in 

response to the modified trsuiemit^power ley 

2; A Method as 

characteristics XK>ixiipi^ev^ - ^ ..t 

3. A Method as^cLoimed in axij^ ^re^otis daj^ the^^ceive 
characteristics cpmpzi8e''8igna^^^ ^ 

■ ^ .•-.«*.:rr ■ ^ >4•^*^^ :^"-Cr»«■^ .O-'^a:'^'-' 

4. A method as daimed>in 

determining tjiemp a inoiiified 

transmit power level for ve^hic^ta^at^^ 

dislxibution axe abpve^^^^^ : * 

6, A method as claimedin claim 4; further comprising the^step of 
deteriodning the ratio in l^esponse: to a desiried tra£ilc ratio of the inner zone. 



24 



wo 2004/0S(S007 



PCt/EP2«)3/0tJj7Sr 



6. A method as claimed in dLaim 4vfta:tlier (X)m^pn8ixig 6tep^o£ ; ^ 
.determimng t^^ 

zone. 

7. ;. A method; as^daimed in daim 4 further <x>mpri8itf g^^t^^ step of . 
determine :tp an^ayerai^ jtra£|c o£i^^ cell and^a 
nxmiber of csirriers eupporting ih^^^ cell, 

8. A method as da^ 7^ whereiiiitlte receive 
ciharac<»ri8tic 

9- A method £U3 cMmed iii coiy preyipu^^^ claim 4 to Tvfurther compjcising the 

st^ of receiving a user input and 8et4±^ 

i^ares^ 

iQ. A inethod dai^^ ^Miher.j(^^ the 

step of deteiinixii^ the :x^ive dia^ 

reqnir^^Qj^^ .,,t 

11 . A method as daimed in any previous daiin fi^^ oomprising the step 
of determining the receive . dmract^ a inquired 
miteanTerehc^ 

12. A method as daimed in any previpxia daim whereiii the step of 
determining the modified tran6imt.i»dw^ level comprises 

receiye characteristic reference value of the. ^^^^^ coirespbnding to iiie 

ratio, ^nd diBterni^ to the 

difteri^ce. between the; recei^ characteristic re£^TOnce>.value>and the^re^^ 
dbaiTjgicten^ti 
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15. A method as^claimed in: aiixy preiobus tlie step of 
ge^eratmg the di^tributioii cjDmprisesri^^^ the> rek:»eive 

to a reiferem^ traxisifiit plow ^ 

14w A method as dalme^^^^^ 

distribution comprise oompens;a<^tfg.thevr^3^^ 

cpxitral settixig. : ' v f . r . , > 

15i >A meithod ^s claimed in claim M w the^power control loop 

comprises a fast powei? contn^^^ 

compensation of the receive chsuractenstics is aesociajted with only the fs^st 

16. A method sis claimed in any previous dalm^ IS- tOrl5 as di^pendent 6n 
claim 12 wherein the qell transmit pcmer leyel is. determined as the reference 
traiismitfpoViref s^ 

.17. A method as daimed.m any p claixaffuHh^ obinpliising the. step 

of Settinig a Ixansnut power of thi^^ to substantially the cell: 

feansmrt-PQwerr l-^ •"r:;i'*> -.;. 

18, A computer program enabhng the carrying out of a method actorduig to 
claim 17* 

19; A record carrier coinp]^ 
20. An apparatus for^^^^ 

commumcation^^s cbmpridii^ ai^&re^ served 
by a &st carrier and- an outer zone served by a seOond'carrij^rr the apparatus 
(X>n^>rising; 
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means for receiving measiurement reports Irom a sluraliigr 
commimication luiits of tEe cell; the measurement reports coMpxisix^ 
charaQteristics for a signal associated wi^ tibie^c^: 

means for generating a distrifontion of the i^ecei^e characten^ 

means for deterimmng a-m^ level in response to 

the distribution of the redeive chiaxacteristics; and 

means for determining a cell txansmit power aBj^>ciAi^d with the first 
carrier in response to the niodified transmit power level. 

21. A ceUular communiosition system comprising an 4BL]>paratus as claimed 
in daim 20. 
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